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INTRODUCTION 


It is generally accepted that the watering of the farm garden 
will increase both the quantity and the quality of the vege- 
tables produced. Many bulletins and articles have been writ- 
ten on the subject of garden watering and its benefits, but 
little information is available on the matter of the mechanics 
involved in applying the water to the garden. In this publi- 
cation an attempt has been made to describe briefly and in the 
Simplest possible terms the mechanics and hydraulics of garden 
sprinkling with the home electric water system. 


Many sprinklers are now on the market, but no attempt has been 
made to consider the adaptability of all of the sprinklers 
available for garden watering. The characteristics described 
in the following examples, and shown in the accompanying tables 
and charts pertain to one sprinkler that has certain charac- 
teristics essential to garden watering, Among the more impor- 
tant of these characteristics are low first cost and a desir=- 
able distribution pattern, Several other sprinklers are equal- 
ly well adapted from the water distribution standpoint, and 
much of what is written herein could be applied successfully 
to those sprinklers, 
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Selection of Nozzle Sizes 


Considerable variation in the discharge of the type of rotating 
sprinkler shown in Figure 1 can be effected by a change of nozzle 
size, Table 1 shows the relation between nozzle size and sprinkler 
discharge when operating within a practical pressure range. The 
same relationship has been graphically represented on Chart No. l. 
Since pressure loss due to friction in the hose or pipe between the 
pump and the sprinkler plus the pressure at the sprinkler represent 
pressure at the pump, it is desirable that the sprinkler pressure 
be less than the pump cut-off preasure. When the cut-off pressure 
is exceeded, the continual stopping and starting of the pump will 
interfere with the successful performance of the sprinkler, will 
cause excessive wear and tear on equipment and will increase the 
cost of applying the water. 


Pressure Drop in Pipe and Hose 


When water flows through a pipe or a hose it encounters resistance, 
the magnitude of which depends on the roughness of the inner wail 

of the pipe. The resistance thus encountered is usually called 
friction loss and will be referred to from time to time in this 
publication as loss of head due to friction. Tables 2 to 7, in- 
clusive, indicate the pressure drop in lengths of pipe and hose when 
different quantities of water are flowing, while Table 8 has been 
included to represent the loss of pressure in faucets, elbows, and 
other pipe fittings. 


The values of pressure drop shown in the tables should be considered 
as an approximation. They do serve, however, as a guide in estimat- 
ing the loss of pressure that may be expected when water is forced 
through iron pipe or garden hose. 


Applying the Water 


Garden crops require approximately one inch of water each week for 
satisfactory growth in summer months. During dry spells, therefore, 
garden watering can be employed to supply the plants with this re- 
quired moisture. It is commonly accepted that the necessary inch 
of water should, if possible, be put on in one application rather 
than in a number of light sprinklings. Chart II, as well as Table 
1, show the time required to apply one inch of water to the area 
covered in one setting of the sprinkler, 


Distribution characteristics of many rotary sprinklers indicate that 
about ninety per cent of the water discharged falls within a circular 
area equal to about fifty per cent of the actual area covered by the 
spray. Within this inner circle the ninety per cent of the sprinkler 
discharge is fairly evenly distributed. In computing the time re- 
quired to apply one inch of water in one setting of the sprinkler, 
the area covered effectively was taken as fifty per cent of the total 
area covered, while the water applied was considered as ninety per 
cent of the pump capacity. 
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Because of the tapering off of the quantity of water falling near the 
outer edge of the circle covered by the sprinkler, it is desirable that 
spacing between sprinkler settings does not exceed fifty or fifty-five 
feet, even though the diameter of the circle covered is seventy-five or 
eighty feet. 


Electrically Operated Water System and Garden Watering 


The electrically operated farm water system lends itself favorably to 
watering of the garden during night hours, In the night the water re- 
quirements in the home and about the farm are least, and the entire ca- 
pacity of the pump can be applied to the garden. Where the discharge 
of the sprinkler is comparatively small, all night operation becomes a 
practical possibility. If the pump capacity is such that only a few 
hours of operation of one sprinkler is necessary to apply the necessary 
water, two or more sprinklers, fitted with the correct nozzle sizes, can 
be used so that all-night operation will be possible. 


Power Required to Operate the Pump 


Chart III has been included as a simple means of determining the power 
required for operating electric water systems. Since cost per kilowatt- 
hour varies somewhat in various sections of the country, energy required 
per hour rather than cost per hour of operation has been plotted against 
total operating head. The graphs represent only the capacities of the 
three pumps used as examples throughout. Lines representing other pump 
capacities can be sketched in between the existing graphs. 


Total head consists of: 

1. Lift in feet, the vertical distance from the water-level 
in the well, when pumping, to the gauge at the pressure 
tank. 

2. Pressure head in pounds per square inch as indicated on 
the gauge at the tank. Convert pounds per square inch to 
feet of head by multiplying the gauge reading by 2.31. 


Using the Charts and Tables 


In the following pages examples are shown to clarify the descriptive 
matter and to show the use of the charts and tables. Although the charts 
and tables have been extended over a considerable range of pump capac- 
ities, the following examples are confined to the more common water sys- 
tem capacities of 200-, 275-, and 400-gallons per hour. 
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TABLE 2 


Pressure Drop in Pounds Per Square Inch 
5/8" Garden Hose 


——— 


50' | 1008 | 


LO} 


2.9 | 3.9 Pen 
5.4 | a 8.9 | 
10.0 | 13.3 16.7 | 
Loe | LT .6 eee 
20.3 21.0 | 335.8 

TABLE 3 


Pressure Drop in Pounds Per Square Inch 
3/4" Garden Hose 
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TABLE 4 


Pressure Drop in Pounds Per Square Inch 
1/2 Inch Iron Pipe 


——— 


| capacity Length of Pipe in Feet 
ee ee ee 
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TABLE 5 


Pressure Drop in Pounds Per Square Inch 
3/4 Inch Iron Pipe 
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TABLE 6 


Pressure Drop in Pounds Per Square Inch 
it “inch yon. Fine 
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TABLE 7 


Pressure Drop in Pounds Per Square Inch 
1 1/4 Inch Iron Pipe 
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TABLE 8 


Pressure Drop in Pounds Per Square Inch 
In Various Pipe Fittings 


oe eae a sae | 
eey Size of Fitting 
of =e Chala s Saw | ep er hh eae 
H, Afe" | 5/4" 3" Sun 
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Bree “P Peoeze |) 0:07 
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Meow | 0.42 | Q215 
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Pein ieee | 1Os0e 
| 0.31 0.08 | 0,04 
0,61 0.17 : 0,08 
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EXAMPLE I 
Pump Capacity .-200 GPH 
Distance of Sprinkler setting from house 150 ft. 
Inside piping, pump to faucet (3/%") ore ts 
Pipe fittings (assumed) 
faucets af 
90" standard elbows h. 
tees it: 
Size of Sprinkler Nozzle (Chart No. I) 
Size of nozzle required 5/32 inch 
Pressure at Sprinkler 25: 1b/ say in. 
Pressure Drop (Tables 2-8, inclusive) 
Pressure at Sprinkler 23 lb/ sq. in. 


Loss in 150 ft. of 5/8" hose 2,90 1b/ eq. in. 
Loss in 20 ft. of 3/4" pipe 44 
Loss in fittings: 


faucet (3/4") 26 
tee (3/4") Baal 
elbows (3/4")hx.0h = 16 
Total pressure drop Pi! 
Pressure at pump 26.87 lb/ sq. in. 


Applying One Inch of Water (Chart No. IT) 


Time required 8 hours 


Power Requirements (Chart No. IIT) 


Pressure Head CGnOl trousL 62: Tt 


Lift (assumed ) COs 

Total head pumped against ...ccecccceeee LO feet 
Energy required 0.26 kwh/hr 
Cost of energy 3 c/kwh 


Cost of operating pump 0.78 c/hr 
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EXAMPLE IT 
Pump Capacity 275 G.P.o. 
Distance of sprinkler setting from house 150 
Inside Piping, pump to faucet (3/4") 20 
Pipe fittings 
faucet a) 
tee 1 
elbow (90°) (standard) . 
Size of Sprinkler Nozzle (Chart I) 
Size of nozzle required oy hile 
Pressure at sprinkler 22,5 Ib/aqein. 
Pressure Drop (Tables 2-@, inclusive) 
Pressure at Sprinkler 22.50 1b/sq.in. 


Loss in 150 ft. of 3/4" hose 2.7 lb/sq.fn. 
loss in 20 ft. of 3/k" pipe .&0 
Loss in fittings 


feucet (3/4") 48 
tee (3/4") 20 
elbows (4-3/4") oe 
Poral. Drespure Grow > .\s = * «we «3 Leo 


Pressure at pump 27.00 1b/sq.in. 


Time Required -- one sprinkler setting D2{ .BOUrS 


Power Requiremenis (Chart No. ITT) 


Pressure head 27.0 x 2.31 60 ib. 

Lift (assumed) mse ehin ey, 

Totel head pumped against 1A 9] tie 
Energy required 0.39 kwh/hr. 
Cost of energy 4 c/kwh 


Cost of operating pump 1.17 cyber, 
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EXAMPLE 3-A 


Single Sprinkler 


Pump Capacity 400 G.P.H. 
Distance of Sprinkler from house LOM ps 
Inside Piping, pump to faucet (3/4") 20 fis 
Pipe fittings (assumed) 


faucets 
tees 
elbows (90° standard) 


FRE 


Size of Sprinkler Nozzle (Chart No. I) 


Size of Nozzle required 1/32" 
Pressure at sprinkler 26.70 1b/sq.in. 


Pressure Drop (Tables 2-8, inclusive ) 
Solution 1 


Pressure at sprinkler 26.70 1b/sq.in. 
Loss in 150 ft. of 3/4" hose 5.60 1b/sq.in. 
Toss in 20 ft. of 3/4" pipe 1.70 
Loss in fittings: 


faucet (3/4") 1,00 
tee (3/4") 42 
elbows (4-3/4") .68 


Total pressure, dxyop .» » 3 « + 0 6 « » « 9.40 
Pressure at pump 36.10 1b/sq.in. 


Pressure Drop (Tables 2-3, inclusive} 
Solution 2 


Pressure at sprinkler 26.70 1b/sq.in. 
Loss in 100 ft. of 1" pipe 2.4 1b/sq.in. 
Loss in 50 ft. of 3/4" hose 1 
PoeminecO to. of 5/4" pipe 1 
Loss in fittings: 


faucet (3/4") 10 
tee (3/4") 42 
elbows (4-3/4") .68 


Total pressure drop... e«-+eecerees OaLo 


Pressure at pump 34.80 1lb/sq.in. 
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Pressure Drop (Tables 2-8, inclusive) 


Solution 3 (connect 3/4" hose at pump) 
Pressure at sprinkler 
Loss in 200 feet of 3/4" hose 


Pressure at pump 


' Applying One Inch of Water (Chart No. II) 


Time required, one sprinkler setting 


Power Requirements (Chart No, III) 


Pressure head 36.10 x 2,31 
Lift (assumed 


Total head pumped against 
Energy required 


Cost of energy 
Cost of operating power 


26.70 1b/sq.in. 


7.40 
34,10 1b/eq.in. 


4.5 hours 
83 feet 
56 feet 

139 feet 

0,52 kwh/hr, 

3 ¢/kwh 

1.56¢/hr. 
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EXAMPLE 3-3 


Two Sprinklers in Series 


Pump Capacity 

Sprinkler discharge, each 

Distance of sprinkler from house 
Inside piping, pump to faucet (3/4") 
Pipe fittings (assumed) 


faucets 

tees 

elbows (90° standard) 
Size of Sprinkler Nozzle (Chart No. 1) 


Size of nozzle required 
Pressure at sprinklers 


Pressure drop (Tables 2-8, inclusive) 
eee eh ere eee ee NY 


Pressure at sprinklers 
Pressure drop betwoen sprinklers 1 and 2 


Loss in 50 ft. of 3/4" hose (200 gph) 

Pressure drop between pump and No. 1 sprinkler 
Loss in 100 ft. of 3/4" hose (400 gph) 
Udssian 20°fr4 of 3/4" pipe 


Loss in fittings 
E 
faucet (3/4") 


tee (3/4") 
elbows (4-3/4") 
owe: pressure arop o e©« @ @ . ® "© ©}. co e ° 
Pressure at pump 
Applying One Inch of Water (Chart No. IT) 
Time required 
Power Requirements (Chart No. III) 
Pressure head (31.10 x 2.31) 
Lift (assumed) 
Total head pumped against 
Energy required 


Knergy cost 
Cost of operating pump 


0.50 


8.10 


e 
Hi te 


1lb/s 


hour 


ft. 
ft. 
ft. 


eo 


WA ve pict 


ne 


hepa WM Ay: 
po R 
‘ ie 
bs Bes 
a. 
i by A J 
sah 


~ ¢ 
ait Chath 


iy rie 


C9"). aa 


arg WR) a we ws fos ba o erpan 


| ae om ay 


Hheniy: GAS “a hy ad ear ml tal 


= er i= 


SUMMARY 


On the basis of the examples, charts, and tables, the following summary 
briefly sets forth the conditions under which the sprinkler and automat-~ 
ic water system will perform satisfactorily: 


1. When 
a. 


be 


the pump capacity is approximately 200 gallons per hour 
One sprinkler equipped with a 5/32" nozzle should be used. 


If the distance of sprinkler setting from the pump or 
house faucet does not exceed 300 feet, 5/8" hose can be 
safely and satisfactorily used. 


Operate 8 hours to apply one inch of water to area effec- 
tively covered by sprinkler. 


the pump capacity is approximately 275 gallons per hour 
One sprinkler, equipped with 3/16" nozzle, should be used. 


If the distance of the sprinkler setting from the pump or 
house faucet - 
(1) does not exceed 150 feet, S/o" hose can be used. 
(2) does not exceed 300 feet, 3/4" hose can be used. 
(3) does exceed 300 feet, a combination of hose and 
1" or 14" pipe should be used. 


Operate from 53 to € hours in one setting to apply one 


inch of water, 


the pump capacity is approximately 400 gallons per hour: 


Use one sprinkler equipped with a 7/52" nozzle, or use 
two sprinklers equipped with 5/32" nozzles. 


If the distance of the sprinkler setting from the pump or 
house faucet 


(1) does not exceed 200 feet, 3/4" hose can be used. 
(2) does exceed 200 feet, a combination of hose and 
1" or 14" pipe should be used. 


To apply one inch of water to the area effectively covered 
in one sprinkler setting. 


(1) operate approximately yd hours with one sprinkler. 
(2) operate approximately 8 hours when using two sprin-. 
klers in series. 
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